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PRELIMINARY DISPERSION ANALYSIS OF 

Y 

FIVE RENDEZVOUS PROFILES FOR AAP MISSION AAP-l/AAP-2 

By Larry Hartley 

SUMMARY AND INTRODUCTION 

The current mission plan for Apollo Applications Mission AAP-l/AAP-2 
includes t h e  rendezvous of t h e  manned command and serv ice  modules (CSM) 
with t h e  Saturn IVB o r b i t a l  workshop (OWS) .  The McDonnell Astronautics 
Company w a s  requested t o  se l ec t  the  best  terminal phase rendezvous pro- 
f i l e  f o r  t h i s  mission. 
minal phase rendezvous p r o f i l e s  were se lec ted ;  these  plans a r e  a c o e l l i p t i c ,  
a biased-equiperiod, an out-of-plane, a s t ab le  o r b i t ,  and an e l l i p t i c  o r b i t  
approach. The Orbi ta l  Mission Analysis Branch (OMAB) w a s  asked t o  develop 
t h e  catch-up log ic  and perform a preliminary e r ro r  ana lys i s  f o r  each plan 
i n  order t o  f a c i l i t a t e  McDonnell's recommendation of a pa r t i cu la r  plan f o r  
t h e  terminal phase port ion of t h i s  mission. 

A s  a r e su l t  of t h i s  request ,  f i v e  candidate t e r -  

This report  presents t h e  work done by OMAB i n  support of McDonnell 
F i r s t  , the  catch-up log ic  i s  b r i e f l y  discussed f o r  Astronautics Company. 

each plan,  and second, t h e  r e su l t s  of t h e  preliminary e r ro r  ana lys i s  a r e  
presented. 

RENDEZVOUS PROFILES 

The te rmina l  phase p r o f i l e s  described i n  t h i s  document are designed 
t o  f u l f i l l  t h e  object ives  published i n  reference 1, which presents  a 
de t a i l ed  descr ipt ion of each plan, 
i s  given here. 

O n l y  a b r i e f  descr ip t ion  of each p l an  

The c o e l l i p t i c  plan ( f i g .  1) c a l l s  f o r  t h e  OWS t o  be launched i n t o  
a 260-11. m i .  c i r cu la r  o r b i t  and the CSM t o  be launched 24 hours la ter  
i n t o  an 81- by 120-n. m i .  o r b i t .  

maneuver (NH) at  1 38 g . e . t . ,  ra i s ing  apogee t o  249 n. m i .  A t  

2 23 
237 n. m i .  

The CSM performs a height adjustment 
h m  

h m  g .e . t . ,  a phase maneuver ( N C 1 )  i s  executed t o  r a i s e  perigee t o  
A correct ive combination maneuver ( N C C ) ,  which i s  nominally 



2 

h m  zero,  i s  scheduled at 3 35 g.e . t .  The CSM then performs t h e  c o e l l i p t i c  
maneuver (NSR) 20 minutes a f t e r  NCC creat ing a 249- by 250-n. m i .  o r b i t ;  
t h e  d i f f e r e n t i a l  a l t i t u d e  (Ah) i s  then 1 0  n. m i .  Terminal phase i n i t i a -  
t i o n  (TPI) i s  executed on a 26.6" elevat ion angle 12  minutes in to  darkness; 
t h e  t a r g e t  t r ave l  angle ( u t )  i s  140". 

The biased equiperiod plan ( f i g .  2)  i s  t h e  same as t h e  c o e l l i p t i c  

g .e . t .  , the CSM executes a 34-fps equiperiod maneuver (EPM) along 

rendezvous plan through t h e  c o e l l i p t i c  maneuver. However, at 

5 01 
t h e  l o c a l  horizontal .  TPI i s  performed 95 minutes l a t e r  1 2  minutes i n t o  
darkness, and t h e  u t  t o  t h e  t a rge t  i s  140". 

h m  

The out-of-plane rendezvous plan i s  presented i n  f igure  3. The CSM 
inser t ion  ta rge t ing  i s  adjusted so t h a t  at 3 5  minutes a f t e r  CSM l i f t - o f f  
t he re  i s  a common node and a 0 . 0 6 ~  wedge angle between t h e  two vehic les '  
planes. The NH, N C 1 ,  N C C ,  and NSR maneuvers a re  planned a t  approximately 

t h e  same times as out l ined i n  t h e  c o e l l i p t i c  plan. A t  5 02 g .e . t .  , t h e  
CSM performs an in-plane T P I  maneuver ( u t  = 120°) c rea t ing  a 251- by 

261-n. m i .  o rb i t .  
along t h e  l i n e  of s igh t  and maximum out-of-plane conditions a r e  es tabl ished 

at TP12. A t  5 34 maneuver ( u t  = 90") i s  executed 

t o  nu l l  in-plane r e l a t i v e  ve loc i t i e s .  A s  a r e s u l t  , t h e  l ine-of-sight rate 
(change i n  t h e  angle between t h e  l i n e  of s igh t  and t h e  l o c a l  hor izonta l )  
i s  nominally zero from TPI t o  in te rcept .  

h m  

1 
This maneuver point w a s  chosen so t h a t  th rus t ing  i s  

g . e . t .  , an in-plane TPI h m  
2 

2 

Figure 4 shows t h e  sequence of events f o r  a s t a b l e  o r b i t  rendezvous 
The maneuver times through NSR a r e  t h e  same as f o r  t h e  c o e l l i p t i c  plan. 

rendezvous plan; however, t h e  A V ' s  of t h e  maneuvers a r e  d i f f e ren t  s ince 
t h e  required Ah i s  zero f o r  t h i s  plan. The NH maneuver r e s u l t s  i n  an 
81- by 259-n. m i .  o r b i t ;  N C 1 ,  a 248- by 260-11. m i .  o r b i t .  The CSM executes 
t h e  c o e l l i p t i c  maneuver t o  c rea te  a 259- by 260-n. m i .  o r b i t .  
of maneuvers i s  executed i n  order t o  place t h e  CSM 20 n. m i .  behind t h e  

OWS and t o  make t h e  Ah equal t o  zero a t  TPI. A t  bh4? g . e . t . ,  TPI i s  
performed 1 2  minutes p r io r  t o  darkness; t h e  u t  i s  240". 

This s e r i e s  

The e l l i p t i c  o r b i t  rendezvous plan i s  presented i n  f igu re  5. Again, 
t h e  maneuver times through NCC are approximately t h e  same as fo r  t h e  coel- 
l i p t i c  plan. However, an e l l i p t i c  maneuver i s  done instead of t h e  NSR 
maneuver. 
o r b i t  p r io r  t o  TPI; i . e . ,  perigee of t h e  CSM o r b i t  i s  70 n. m i .  below 
t h e  OWS perigee,  and apogee 1 0  n. m i .  below t h e  OWS o r b i t  apogee. When 
t h e  CSM reaches a point  20 n. m i .  behind and 1 0  n. m i .  below t h e  OWS, TPI 
i s  executed w i t h  a u t  of 140°,  12 minutes i n t o  darkness. 

The e l l i p t i c  maneuver places t h e  CSM i n t o  a standard approach 
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ERROR ANALYSIS AND RESULTS 

The r e s u l t s  of t h e  preliminary e r ror  analysis  presented i n  t h i s  
report  were requested by McDonnell Astronautics Company. Coordinate 
systems and time references of the data were selected based on navigation 
accuracy considerations and compatibil i ty with ex is t ing  d i g i t a l  sirnula- 
t i o n s  a t  both MSC and McDonnell. 

The following data were requested during t h e  terminal phase portion 
of t h e  mission. 

1. The uncertainty i n  t h e  ground's knowledge of t h e  r e l a t i v e  s t a t e .  

2 .  The uncertainty i n  t h e  r e l a t i v e  s t a t e  between t h e  OWS and CSM. 

3. Nominal OWS and CSM s t a t e  vectors and 30 samples of dispersed 
CSM s t a t e  vectors.  

4. Nominal CSM r e l a t i v e  s t a t e  vector and 30 samples of dispersed 
CSM r e l a t i v e  state vectors.  

The uncertainty i n  t h e  ground's knowledge of t h e  r e l a t i v e  s t a t e  
( i tem 1) is presented i n  reference 2. Items 2 through 4 were determined 
by t h e  following method. The covariance matrices representing Manned 
Space Fl ight  Network (MSFN) tracking (item 1) of t h e  OWS and CSM at NCC 
were randomly sampled and applied t o  t h e  nominal t r a j e c t o r i e s .  

The NCC and NSR maneuvers were then computed based on t h e  dispersed 
vectors .  These maneuvers were randomly dispersed and applied t o  t h e  
nominal t r a j e c t o r i e s .  
t i o n  e r r o r  model were: 

The e r ror  sources used f o r  t h e  maneuver applica- 

3a platform er ror  = + 0 . 5 O  i n  t h e  p i tch  axis 

3a a t t i t u d e  e r r o r  = + 0 . 5 O  i n  t h e  pi tch and yaw axes 

3a AV appl icat ion = t0 .5  fps 

S t a t e  vectors , r e l a t i v e  s t a t e  vectors 
t h e  dispersions were obtained based on 30 separate runs of t h i s  type. 

and covariance matrices representing 

The s t a t e  vectors are i n  an earth-centered i n e r t i a l  coordinate system 
which is. or iented a t  midnight pr ior  t o  launch with t h e  X-axis through- 
Oo longitude, t h e  Y - a x i s  through t h e  equator, and t h e  Z - a x i s  passing 
through t h e  north pole. The r e l a t i v e  s t a t e  vectors  are i n  a ta rge t -  
centered r o t a t i n g  (posi t ion)  , r e c t i l i n e a r  system with t h e  following 



4 

conventions: 

motion; R 

ear th;  R forms an orthogonal system. 

were generated by taking t h e  difference between t h e  a c t u a l  and nominal 
r e l a t i v e  s t a t e  vectors;  t h a t  i s ,  

R i s  t h e  in-plane dis tance pos i t ive  i n  t h e  d i r e c t i o n  of 

i s  the r a d i a l  dis tance pos i t ive  away from t h e  center of t h e  
X 

Y 
The covariance matrices (i tem 2) 

z 

actual  r e l a t i v e  s t a t e  - nominal r e l a t i v e  s t a t e .  

The covariance matrices a r e  presented i n  par t  ( a )  of t a b l e s  I through 
V ,  t h e  r e l a t i v e  conditions i n  par t  ( b )  , and t h e  state vectors i n  par t  ( c )  . 
These da ta  were taken a t  e i t h e r  1 0  minutes a f t e r  t h e  las t  catch-up ma- 
neuver preceding TPI (EPM and TPI 

p r o f i l e s ,  respect ively)  or at t h e  ground update time following t h e  las t  
catch-up maneuver pr ior  t o  TPI .  Also, t h e  s t a t e  vectors f o r  each plan 
were propagated t o  t h e  nominal time of TPI ,  and t h e  r e l a t i v e  state vectors  
were obtained a t  . t h i s  point [par t  ( d )  of t a b l e s  I through VI. 

f o r  biased equiperiod and out-of-plane 1 

Additional information w a s  required f o r  t h e  biased equiperiod and 
out-of-plane rendezvous p r o f i l e s .  For these  plans,  t h e  EPM and TPIl ma- 

neuvers were assumed t o  be ground-computed. Therefore, t h e  t r a j e c t o r i e s  
a f t e r  NSR were propagated t o  t h e  time of t h e  ground update following t h e  
las t  catch-up maneuver p r i o r  t o  EPM and TPI 

representing the MSFN update were randomly sampled and applied t o  these  
t r a j e c t o r i e s .  

dispersed vectors. 
propagated from NSR without t h e  MSFN update. 
j e c t o r i e s ,  s t a t e  vectors [ t a b l e s  I I ( e )  and I I I ( e ) ]  and covariance matrices 
[ t a b l e s  II(f)  and I I I ( f ) ]  of t h e  r e l a t i v e  s t a t e  were obtained a t  1 0  min- 
u tes  a f t e r  t h e  EPM and TPI maneuvers. Also, t h e  r e l a t i v e  state vectors  1 
were obtained a t  t h e  nominal time of TPI f o r  t h e  biased equiperiod plan 
and a t  t h e  time of TPI f o r  t h e  out-of-plane plan [par t  ( g )  of t a b l e s  I1 

and 1111. 

and t h e  covariance matrices 1’ 

The EPM and TPI maneuvers were computed based upon these  1 
These maneuvers were then applied t o  t h e  t r a j e c t o r i e s  

Based on t h e  r e s u l t i n g  tra- 

2 

. 
CONCLUDING REMARKS 

Due t o  a l imited e r ror  source capabi l i ty  and recent changes i n  t h e  
mission p r o f i l e ,  the  data presented i n  t h i s  report  i s  of a preliminary 
nature. 
t h e  type of terminal phase p r o f i l e s  presented. No attempt w a s  made t o  
make recommendations or conclusions regarding t h e  candidate rendezvous 
p r o f i l e s ;  ra ther ,  t h e  data has been presented i n  order t h a t  o thers  may 
do so. 

However, t h e  data  i s  representa t ive  of what can be expected using 
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